Background: Undergoing a timely Pap smear, high-risk human papilloma virus (HPV)and colposcopy-based testing can reduce HPV-associated cervical cancer (CC) development in women. However, in rural areas, women and minorities without insurance do not undergo periodic assessment and remain at greater risk of HPV infection and CC. Methods: In this study, 173 women from rural East Texas with various ethnic backgrounds were examined thorough HPV/Pap-based testing and colposcopic assessment. Results: Of the 113 informative cases, 77% (87/113) were positive for high-risk HPV infection and 23% of subjects (26/113) were negative. Associations between HPV positivity with young age (p = 0.002), and a low number of pregnancy (p = 0.004) and births (p = 0.005) were evident. Women with long-term use of contraceptives (OR 1.93, 95% CI, 0.80-4.69) were associated with increased risk of HPV infection. African-American women had a higher risk of abnormal Pap outcome compared to Caucasians (OR 5.31, 95% CI, 0.67-42.0). HPV seemed to be a predictor of abnormal Pap outcome (OR 1.77, 95% CI, 0.48-6.44) in these subjects. Unmarried/widowed/divorced women had an increased abnormal Pap test outcome compared to married women or women living with a partner (p = 0.01), with over 278% increased odds (OR 3.78 at 95% CI, 1.29-11.10). Insured women undergoing periodic checkups were detected early with high-risk HPV infection and abnormal Pap test/colposcopic outcome. Conclusions: Comprehensive and timely screening of uninsured women and minorities in rural East Texas are warranted, which could potentially prevent the onset of HPV-associated CC.
Introduction
Cervical cancer (CC) is one of the leading causes of death among women [1] [2] [3] [4] [5] [6] [7] . In the United States, 13,170 new cases of CC are expected to be diagnosed with an estimated death of 4250 women in 2019 [3, 4] . In the State of Texas, an estimated 1363 women are expected to be diagnosed and 431 are expected to die from the disease [3, 4] . The frequency of CC incidence is higher in African-American and Hispanic women compared to Caucasian American women [5] . The major risk factors associated with CC development include high-risk human papilloma virus (hrHPV) infection, use of oral contraception, sexual promiscuity, cigarette smoking, childbirth, marital status and age [3] [4] [5] [6] . Among these various risk factors, persistent infection with hrHPV appears to be the major driver of CC development [1] [2] [3] [4] [5] [6] .
To date, 216 subtypes of HPV have been discovered [7] . In the early stages, hrHPV-associated CC development is asymptomatic [8, 9] . If not screened, high-risk HPVs may remain undetected and result in oncogenic transformation leading to CC in the later stages of life, thereby warranting periodic checkups of populations at risk [8, 9] . In rural areas, women with insufficient or no health insurance and from various ethnic backgrounds are less likely to be examined regularly for HPV and associated CC risk assessment. Thus, these medically underserved populations remain at greater risk of developing CC in their lifetime [3, 9, 10] . Preventative and strategic screening of these women is thus of paramount importance to reduce CC incidence and associated mortality [5, [9] [10] [11] [12] .
The present study has undertaken an initiative to address this problem and evaluated outcomes from 173 women in rural areas of East Texas for CC risk determination through hrHPV detection, Pap test and colposcopy-based examination. Through this evaluation, we have observed an association between HPV positivity and increased risk with young age, low number of pregnancies and births and long-term contraceptives use. Unmarried/widowed/divorced women had an increased abnormal Pap test outcome compared to married women or women living with a partner. On the other hand, African-American women exhibited higher risk of abnormal Pap outcome compared to Caucasian American women.
Materials and Methods

Patient Population and Ethical Statement
Tyler is located in East-Central Texas within the Smith County. In Smith County, CC incidence has an age-adjusted rate of 7.5 per 100,000 [13, 14] . In comparison, the CC incidence rate is 8.5 to 10.4 in Northeast Texas and 9.2 in overall Texas [13, 14] . Mortality due to CC is 3.4 in Smith County; 3.5 in Northeast Texas and 2.8 in Texas [13, 14] . In the present study, data outcome of a total of 173 women who presented for colposcopy at The University of Texas Health Science Center at Tyler from 2007 to 2017 were evaluated. All subjects provided initial informed consent for their examination and the data review was approved by the Institutional Review Board of The University of Texas Health Science Center at Tyler. All subjects are de-identified and only relevant information such as age, diagnosis, marital status, smoking, drinking history, and family history of cancer were used for statistical comparison. Family history of cancer was considered positive when parents, grandmother, grandfather, brother, sister or aunt was diagnosed with cancer. Past or present history of smoking (at least 1 pack/day) was considered positive. Similarly, past or present history of drinking alcohol (once a day) was considered positive. As no data were collected prospectively, a waiver of informed consent was granted by the Institutional IRB. During chart review, cases with substantial information available regarding the disease condition, age, marital status, repeated HPV/Pap testing, BMI and follow ups were considered informative.
Pap, HPV Testing and Colposcopic Examination
All the Pap tests were liquid-based either with ThinPrep or SurePath and were evaluated by relevant Pathologists using the 2001 Bethesda reporting system [15] . Human papilloma virus (HPV) testing on SurePath samples was conducted via Hybrid capture method and others were done using the Cobas HPV test. Colposcopy was performed using illumination and magnification after applying 5% acetic acid [16] . In addition to cervical biopsies, endocervical curettage was performed in certain clinical situations, including an unsatisfactory colposcopy following low-grade intraepithelial lesion, colposcopic evaluation of high-grade squamous intraepithelial lesion, and evaluation of all subcategories of atypical glandular cell cytology.
Follow-Up Treatment and Care
Routine examination of cervical health and HPV infection status of these subjects was done by expert clinicians and the resident team at The University of Texas Health Science Center at Tyler. Biopsies were taken as indicated and evaluated by relevant pathologists. Appropriate treatment interventions were also employed as necessary per standard guidelines.
Hematoxylin and Eosin Staining of Tissue Biopsies
Biopsy tissue samples were fixed in formaldehyde and then paraffin embedded (FFPE) following standard protocol. Five micron sections were stained with the standard hematoxylin and eosin method and assessed by a histopathologist under a compound microscope.
Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows, Version 25.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics were generated for all variables as reported in Tables 1-3 . Pearson's chi-square test was used to assess the distribution of those with HPV status, Pap test and colposcopy results across the various socio-demographic variables. Odds ratios (OR) and 95% confidence intervals (CI) were generated from binary logistic regression models to separately explore the likelihood that individuals with specific socio-demographic characteristics would have a particular HPV status, Pap test and colposcopy results.
Results
Patient Characteristics and Ethical Statement
In this study, 173 women, aged 18-65 (mean 34.3) were examined in 2007-2017. In terms of medical coverage, 72% (123/171) of these women did not have any health insurance. For Ethnic distribution, out of the 166 informative cases, 102 (61%) were Caucasian (W), 34 (20%) were African-American (AA) and 32 (19%) were Hispanic/Latino (HIS). Of the informative cases, 34% (58/170) had normal BMI, 28.2% (48/170) overweight and 37.6% (64/170) obese. Of the 152 informative cases, 52 (34%) were married or living with a partner and 100 (66%) were unmarried, widowed or divorced. Of the 173 informative cases, 94 (54%) used contraception and 79 (46%) did not. The mean age of menarche of these subjects was 12.7 years and the mean number of births was 2.3. Of the 170 informative cases, 66 (39%) had a smoking history and 104 (61%) were non-smokers. Thirty percent (35/115) had a history of alcohol consumption, whereas 70% (80/115) did not have any history of alcohol consumption; 52% (55/105) had a family history of cancer and 48% (50/105) did not.
HPV, Pap testing and Colposcopic Outcomes
The subjects were referred for colposcopy following either an abnormal Pap or positive hrHPV test. Colposcopy was done by a certified team of Physicians at the Family Medicine Clinic, The University of Texas Health Science Center at Tyler. Biopsies were carried out based on the abnormal cytologic findings and HPV-associated changes as determined by the team of Pathologists. Among the total 173 cases, follow-up data (at least 3 visits) were not available for 60 women and, as a result, they were regarded as non-informative. Of the 113 informative cases, 87 (77%) were positive for HPV and 26 (23%) were negative for any HPV infection ( Figure 1A ). An association between HPV positivity with young age (p = 0.002), and low number of pregnancies (p = 0.004) and births (p = 0.005) was observed ( Table 1 ). Prolonged use of contraception (OR 1.93, 95% CI, 0.80-4.69) also appeared to increase the risk of HPV infection (Table 1 ). The Pap lesions were categorized as negative/normal, low-grade squamous intraepithelial lesion (LSIL), high-grade squamous intraepithelial lesion (HSIL), atypical squamous cells of undetermined significance (ASCUS), atypical squamous cells, cannot exclude HSIL (ASCUS-H) and atypical glandular cells of undetermined significance (AGCUS) using the Bethesda Nomenclature [10] . Of the 171 informative cases, 19 (11%) had a normal Pap test outcome, 66 (38%) had LSIL, 11 (6%) had HSIL, 58 (34%) had ASCUS, 11 (6%) had ASCUS-H and 6 (4%) had AGCUS ( Figure 1B) . When compared, unmarried/widowed/divorced women had an increased abnormal Pap test outcome compared to the married women or women living with a partner (p = 0.01) with over 278% increased odds (OR 3.78 at 95% CI, 1.29-11.10) ( Table 2) . Notably, African-American (OR 5.31, 95%CI, 0.67, 42.0) and Hispanic (OR 2.33, 95%CI, 0.50, 10.89) women also have a higher risk of abnormal Pap outcome compared to Caucasian American women. Alcohol consumption appeared to be protective (p = 0.04) for an abnormal Pap test outcome with about 67% reduced odds for those who reported the consumption of some form of alcohol compared to those who did not (OR 0.33, 95%CI, 0.11,0.99) ( Table 2) . A 77% increased odds of having an abnormal Pap outcome was observed among women with HPV infection compared to those who tested negative (OR 1.77, 95% CI, 0.48-6.44). The colposcopy outcome was normal in 38% (61/162) of the cases, mild dysplasia was observed in 46% (75/162), moderate dysplasia in 7% (11/162) and severe dysplasia was evident in 9% (11/162) ( Figure 1C ). There was no statistically significant difference in the likelihood of abnormal colposcopic outcomes among the HPV-positive women compared to their negative counterparts ( Table 3 , OR 1.77, 95% CI, 0.69-4.56). However, there seemed to be a trend of higher likelihood (with about 77% increased odds) of having an abnormal colposcopic outcome among the HPV-positive women compared to their negative counterparts. 
Follow-Ups and Interventions
A total of 162 women received colposcopic examination. Moderate to severe dysplasia was detected in 12 subjects. A standard loop electrosurgical excision procedure (LEEP) was employed in these 12 subjects to prevent further progression of these lesions. One patient had progressed to invasive squamous cell carcinoma of the cervix and one subject was detected with grade I adenocarcinoma. One subject had undergone both LEEP followed by hysterectomy due to severe dysplasia.
Discussion
Cervical cancer develops and progresses through high-risk HPV infection and associated preneoplasitc changes in the uterine cervical epithelium. Importantly, timely screening and appropriate interventions can prevent progression of the preneoplasitc lesions to CC. Timely interventions through HPV/Pap testing and colposcopic evaluations are critical for early detection and prevention of CC, as demonstrated by other studies [3, [17] [18] [19] [20] [21] . However, lack of adequate health insurance, race/ethnic distribution and poor socioeconomic status (SES), particularly in rural areas, could contribute considerably in CC preventive screening in a timely manner [15] [16] [17] [18] [19] . In the present study, we evaluated outcome data of women who received colposcopic evaluation from 2007 to 2017 at The University of Texas Health Science Center at Tyler to address this important aspect in rural East Texas. Notably, similar CC incidence rate combined with high mortality in Tyler compared to the State of Texas (13) (14) suggest that a high-risk population inhabits this area. Our chart review data include insured and uninsured women with various racial and ethnic backgrounds. Multiple biopsies were taken followed by histopathological assessment and HPV testing to confirm preneoplastic epithelial changes and HPV infection in these women. Non-Hispanic African-American women had a higher risk of HPV infection, abnormal Pap and colposcopic outcome compared to the Hispanic and Caucasian American women, which is in accordance with other recent studies [21] . This outcome in African-American women could stem from multiple factors including socio-economical stress, environmental and biologic factors. Importantly, the functional relationship of the key biological/genetic factors associated with increased risk of CC in African-American women remains to be determined. Significantly higher incidences of HPV infection among young women with a low number of pregnancies and births suggest that they could be in a high-risk group for CC development. Sexual interaction at an early age is associated with a higher frequency of HPV infection [22] . Possibly as a reason, we have observed prevalent HPV infection and associated CC risk among younger women. Many of these young women, who are socio-economically stressed and living with multiple partners may be at greater risk for HPV infection/CC development. Although not significant, women who were married or living with partner exhibited an increased HPV infection rate compared to not married/widowed/divorced women, who may also be at low to moderate risk of CC development. Women with adequate medical coverage who received regular cervical examinations and repeat testing appeared to have a better outcome in terms of HPV infection management and CC development. In comparison, women with lack of adequate health coverage including African-American and Hispanic/Latina women had less frequent visits to the clinic for regular cervical examination, HPV/Pap testing and necessary colposcopic assessment, putting them at greater risk for CC development. This finding warrants regular screening of uninsured young women, including minorities, in rural East Texas, which may not only facilitate early detection of high-risk HPV infection but also prevent CC development.
The study has limitations regarding the sample size. Tyler is an underserved rural area with an estimated population size of around 105,729 people [23] . Moreover, due to the lack of health literacy and related awareness, particularly among the uninsured minorities as demonstrated in other studies [24, 25] , limited visits could occur in the clinic for cervical health checkups. Another limitation is the lack of comprehensive follow-up data, which stemmed from the limited number of visits by the subjects. Currently, we are developing various awareness programs and expanding our questionnaire to accommodate more women and implement a better data collection plan through our Family Medicine and Women's Wellness clinic at UHHSCT for a comprehensive survey and better management of CC in this area.
In summary, the present study identified a high frequency of relatively young women, including minorities, with hrHPV positivity and associated preneoplastic changes. Regular cervical health checkups in concert with the implementation of appropriate educational programs could be beneficial to encourage women to participate in CC screening programs, particularly in rural communities with low socioeconomic and weak educational backgrounds [26] .
